Differential cortico-motoneuron vulnerability after chronic mitochondrial inhibition in vitro and the role of glutamate receptors.
Chronic treatment of rat cortical slices with a relative low concentration of mitochondrial inhibitor malonate leads to cortical motoneuron (CMN) death. In the neurodegenerative disease amyotrophic lateral sclerosis (ALS) corticospinal neurons, CMNs projecting to the spinal cord, degenerate. In the present study we compared the effect of chronic mitochondrial inhibition on the survival of CMNs located in the dorsal cortical areas (including corticospinal neurons) with that on ventrally located CMNs (non-corticospinal neurons) in vitro. In the explant culture model used, the dorsally located CMNs were less vulnerable to a 2-week period of mitochondrial inhibition with malonate as compared to ventrally located CMNs. Treatment with 5 mM malonate resulted in 50% surviving CMNs in the dorsal part and only 16% in the ventral part. Neuroprotection of the CMNs could be achieved with co-administration of the non-NMDA antagonist CNQX, the NMDA antagonist MK-801, or the glutamate release inhibitor riluzole, suggesting that chronic energy shortage leads to excitotoxicity. In the dorsal cortical areas CNQX, MK-801, and riluzole had a neuroprotective effect on the CMNs, whereas in the ventral cortical areas only MK-801 was neuroprotective. The sensitivity to energy depletion and consequently excitotoxicity may be related to glutamate receptor density and subunit composition in various cortical areas, but also to the projection length and input of CMNs in vivo. The present investigation gives insight in mechanisms leading to excitotoxic cell death of CMNs and may therefore be important for the development of treatment strategies in protection and survival of cortical motoneurons in ALS.